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VARIABLE VANE POSITIONING
APPARATUS FOR A GAS TURBINE ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION D

This application claims priority to U.S. Provisional Appli-
cation No. 61/914,418 filed on Dec. 11, 2013.

STATEMENT REGARDING GOVERNMENT 10
SUPPORT

This invention was made with government support under
Contract No. FA-8650-09-D-0021-D0OA1 awarded by the
United States Air Force. The Government has certain rights 15
in this mvention.

BACKGROUND

The present disclosure relates generally to variable vane 20
systems for a gas turbine engine, and more particularly to a
system for positioning variable vanes within a gas turbine
engine.

Gas turbine engines include a compressor section, a
combustor, and a turbine section that operate 1n conjunction 25
with each other to generate thrust. The compressor section,
the combustor, and the turbine section are connected via a
primary flowpath passing through each section. Disposed
within the primary flowpath are multiple stators and rotors
that affect the airflow through the primary tlowpath, and aid 30
in the proper functioning of the combustor section and the
turbine section. In some examples, other features of the gas
turbine engine result in undesirable flow characteristics.

In order to correct the undesirable flow characteristics, gas
turbine engines typically include variable vanes positioned 35
within the primary flowpath to alter the airflow. In some
examples, the vanes can be repositioned or reoriented
depending on the particular operating state of the gas turbine
engine, or other airflow characteristics of the air tlowing
through the primary flowpath. Vanes of this type are referred 40
to as variable vanes. The variable vanes are connected to a
synchronization ring that synchronizes the reorientation of
all the vanes connected to the ring. Some existing gas
turbine engines include more than one synchronization ring,
with some variable vanes connected to each of the synchro- 45
nization rings.

In some existing systems, the orientation of the variable
vanes 1s controlled by a single actuator that may be located
outside of an engine casing. The actuator rotates the syn-
chronization ring, and the rotation of the synchronization 50
ring 1s transierred to all of the connected variable vanes
simultaneously. As a result of natural spring constants in the
synchronization ring, deflection occurs in the synchroniza-
tion ring, and the orientation adjustment of all the vanes due
to the rotation 1s not identical. In particular, the farther a 55
vane 1s from the actuator, the more the vane 1s skewed from
the desired orientation due to deflection.

In order to reduce the detlection, some systems 1ncorpo-
rate additional actuators, offset from the first actuator. The
additional actuators are also connected to the synchromiza- 60
tion ring and are controlled by the first actuator. During
operation, the additional actuators are slave actuators to the
first actuator and impart the same motions onto the synchro-
nization ring as the first actuator. The additional actuators
are also positioned outside of the engine case, and includes 65
a component protruding through the engine case resulting 1n
additional protrusions through the engine case. The addi-
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tional protrusions are particularly detrimental 1in engine
designs having multiple concentric cases as a single protru-
s10n penetrates each of the concentric cases. Furthermore, 1n

certain examples, the additional actuators are positioned 1n
inaccessible areas of the gas turbine engine.

SUMMARY OF THE INVENTION

A gas turbine engine according to an exemplary embodi-
ment of this disclosure, among other things includes a
compressor section, a combustor fluidly coupled to the
compressor section via a primary flowpath, a turbine section
flmidly coupled to the combustor section via the primary
flowpath, a vaniable vane assembly including, at least one
synchronization ring disposed about the primary tlowpath 1n
one of the compressor section and the turbine section, a
plurality of variable vanes mounted to the at least one
synchronization ring, a drive ring disposed about the pri-
mary flowpath in one of the compressor section and the
turbine section, a first torque box coupled to the at least one
synchronization ring and coupled to the drive ring, such that
rotation of a torque box mput causes rotation of the at least
one synchronization ring and the drive ring, at least one
second torque box coupled to the at least one synchroniza-
tion ring and coupled to the drive ring, such that rotation of
the drive ring causes rotation of an input of the at least one
second torque box and rotation of the input of the at least one
second torque box causes rotation of the synchromization
ring, and an actuator including an output, the output 1s
coupled to the mput of the first torque box such that the
actuator drives the mput of the first torque box.

In a further embodiment of the foregoing gas turbine
engine, the at least one second torque box 1s a single torque
box, and the first torque box and the single second torque
box are oflset about the drive ring by 180 degrees.

In a further embodiment of the foregoing gas turbine
engine, the at least one second torque box 1s a plurality of
second torque boxes, and the first torque box and the
plurality of second torque boxes are distributed evenly about
the drive ring.

In a further embodiment of the foregoing gas turbine
engine, the actuator output 1s coupled to the input of the first
torque box via a torque tube.

In a further embodiment of the foregoing gas turbine
engine, the input of each of the first torque box and the at
least one second torque box 1s coupled to the at least one
synchronization ring via a bell crank.

In a further embodiment of the foregoing gas turbine
engine, the varniable vane assembly 1s characterized by a
single actuator.

In a further embodiment of the foregoing gas turbine
engine, the drive ring 1s supported about the primary tlow-
path via a plurality of support arms.

In a further embodiment of the foregoing gas turbine
engine, the plurality of support arms includes eight support
arms, and the eight support arms are distributed approxi-
mately circumierentially evenly about the drive ring.

In a further embodiment of the foregoing gas turbine
engine, the drive ring 1s supported about the primary flow-
path via a plurality of roller bearings.

In a further embodiment of the foregoing gas turbine
engine, the first torque box and the at least one second torque
box are interchangeable components.

A method for synchronizing variable vane positioning on
a synchronization ring according to an exemplary embodi-
ment of this disclosure, among other things includes receiv-
ing a rotational mmput from an actuator coupled to a first




US 10,570,770 B2

3

torque box, translating the rotational mput from the first
torque box to at least a second torque box via a drive ring,
and rotating a synchronization ring using the first torque box
and the at least one second torque box, thereby minimizing
deflection of the synchronization ring.

In a further embodiment of the foregoing method, the
method 1s characterized by the utilization of a single actua-
tor.

In a further embodiment of the foregoing method, trans-
lating the rotational mput from the first torque box to at least
a second torque box via a drive ring further includes driving
at least two second torque boxes simultaneously.

A further embodiment of the foregoing method, fturther
includes supporting the drive ring within a turbine engine
using a plurality of support arms.

A further embodiment of the foregoing method, further
includes supporting the drive ring within a turbine engine
using at least one of a roller and a bumper.

A variable vane assembly according to an exemplary
embodiment of this disclosure, among other things includes
at least one synchronization ring, a plurality of variable
vanes coupled to the synchronization ring, a plurality of
torque boxes disposed circumierentially about the synchro-
nization ring, a drive ring coupled to each of the torque
boxes such that the drive ring causes an approximately
identical torque to be applied to the synchronization ring
from the torque boxes simultaneously, and an actuator
coupled to one of the plurality of torque boxes and operable
to drive the drive ring through the torque box.

A further embodiment of the foregoing variable vane
assembly, includes a plurality of i1dler support arms coupled
to and disposed about the drive ring.

A further embodiment of the foregoing variable vane
assembly, includes a plurality of roller supports disposed
about the drive ring.

The foregoing features and elements may be combined in
any combination without exclusivity, unless expressly indi-
cated otherwise.

These and other features of the present invention can be
best understood from the following specification and draw-
ings, the following of which 1s a brief description.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 schematically illustrates a gas turbine engine.

FI1G. 2 schematically illustrates an axial view of a variable
vane portion of a gas turbine engine.

FIG. 3 schematically illustrates a radially inward view of
a torque box and synchromization rings of the variable vane
portion of FIG. 2.

FIG. 4 schematically illustrates an axial view of an
alternate variable vane portion of the gas turbine engine.

FIG. 5 schematically illustrates torque box and drive ring
assembly 1solated from a gas turbine engine.

DETAILED DESCRIPTION OF AN
EMBODIMENT

FIG. 1 schematically illustrates a gas turbine engine 20.
The gas turbine engine 20 1s disclosed herein as a two-spool
turbofan that generally incorporates a fan section 22, a
compressor section 24, a combustor section 26 and a turbine
section 28. Alternative engines might include an augmentor
section (not shown) among other systems or features. The
fan section 22 drives air along a bypass flow path B 1n a
bypass duct defined within a nacelle 135, while the compres-
sor section 24 drives air along a core flow path C for
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compression and communication mnto the combustor section
26 then expansion through the turbine section 28. Although
depicted as a two-spool turbofan gas turbine engine in the
disclosed non-limiting embodiment, 1t should be understood
that the concepts described herein are not limited to use with
two-spool turbofans as the teachings may be applied to other
types of turbine engines including three-spool architectures.

The exemplary engine 20 generally includes a low speed
spool 30 and a high speed spool 32 mounted for rotation
about an engine central longitudinal axis A relative to an
engine static structure 36 via several bearing systems 38. It
should be understood that various bearing systems 38 at
various locations may alternatively or additionally be pro-
vided, and the location of bearing systems 38 may be varied
as appropriate to the application.

The low speed spool 30 generally includes an mner shaft
40 that interconnects a fan 42, a first (or low) pressure
compressor 44 and a first (or low) pressure turbine 46. The
iner shatt 40 1s connected to the fan 42 through a speed
change mechamism, which in exemplary gas turbine engine
20 1s 1llustrated as a geared architecture 48 to drive the fan
42 at a lower speed than the low speed spool 30. The high
speed spool 32 1includes an outer shait 50 that interconnects
a second (or high) pressure compressor 52 and a second (or
high) pressure turbine 54. A combustor 36 1s arranged in
exemplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. A mid-turbine
frame 57 of the engine static structure 36 1s arranged
generally between the high pressure turbine 54 and the low
pressure turbine 46. The mid-turbine frame 57 further sup-
ports bearing systems 38 1n the turbine section 28. The inner
shait 40 and the outer shaft 50 are concentric and rotate via
bearing systems 38 about the engine central longitudinal
axis A which 1s collinear with their longitudinal axes.

The core airflow 1s compressed by the low pressure
compressor 44 then the high pressure compressor 52, mixed
and burned with fuel in the combustor 56, then expanded
over the high pressure turbine 54 and low pressure turbine
46. The mid-turbine frame 57 includes airfoils 59 which are
in the core airflow path C. The turbines 46, 54 rotationally
drive the respective low speed spool 30 and high speed spool
32 1n response to the expansion. It will be appreciated that
cach of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and fan
drive gear system 48 may be varied. For example, gear
system 48 may be located aft of combustor section 26 or
even alt of turbine section 28, and fan section 22 may be
positioned forward or ait of the location of gear system 48.

The engine 20 in one example 1s a high-bypass geared
aircraft engine. In a further example, the engine 20 bypass
ratio 1s greater than about six (6), with an example embodi-
ment being greater than about ten (10), the geared architec-
ture 48 1s an epicyclic gear train, such as a planetary gear
system or other gear system, with a gear reduction ratio of
greater than about 2.3 and the low pressure turbine 46 has a
pressure ratio that 1s greater than about five. In one disclosed
embodiment, the engine 20 bypass ratio 1s greater than about
ten (10:1), the fan diameter 1s significantly larger than that
of the low pressure compressor 44, and the low pressure
turbine 46 has a pressure ratio that 1s greater than about five
5:1. Low pressure turbine 46 pressure ratio 1s pressure
measured prior to inlet of low pressure turbine 46 as related
to the pressure at the outlet of the low pressure turbine 46
prior to an exhaust nozzle. The geared architecture 48 may
be an epicycle gear train, such as a planetary gear system or
other gear system, with a gear reduction ratio of greater than
about 2.3:1. It should be understood, however, that the above
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parameters are only exemplary of one embodiment of a
geared architecture engine and that the present invention 1s
applicable to other gas turbine engines including direct drive
turbofans.

A significant amount of thrust 1s provided by the bypass
flow B due to the high bypass ratio. The fan section 22 of the
engine 20 1s designed for a particular flight condition—
typically cruise at about 0.8 Mach and about 35,000 {feet.
The flight condition of 0.8 Mach and 35,000 ft, with the
engine at 1ts best fuel consumption—also known as “bucket
cruise Thrust Specific Fuel Consumption (“TSFC’)”—is the
industry standard parameter of lbm of fuel being burned
divided by Ibf of thrust the engine produces at that minimum
point. “Low fan pressure ratio” 1s the pressure ratio across
the fan blade alone, without a Fan Exit Guide Vane
(“FEGV”) system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment 1s less
than about 1.45. “Low corrected fan tip speed” 1s the actual
fan tip speed 1n {t/sec divided by an industry standard
temperature correction of [(Tram © R)/(518.7 °R)]0.5. The
“Low corrected fan tip speed” as disclosed herein according
to one non-limiting embodiment 1s less than about 1150
ft/second.

Also included 1n at least one of the fan section 22, the
compressor section 24 and the turbine section 26 are mul-
tiple variable vanes. The variable vanes are positioned on a
sync ring and the orientation of the variable vanes 1s
controlled by an actuator system.

FIG. 2 schematically illustrates an axial view of a vane
portion 100 of the gas turbine engine 20. Multiple vanes 112
are disposed circumierentially about a sync rnng 110. A
torque box 120 connects the sync ring 110 to an actuator 130
positioned outside an engine case 160 via a torque tube 132.
The torque tube 132 protrudes through the engine case 160
at a penetration point 162. The torque tube 132 transiers
rotational motion from an actuator output to a torque box
120 mput. The torque box 120 then transfers the motion
from the mput to the sync ring 110. The rotation of the sync
ring 110 adjusts the orientation of all the variable vanes 112
connected to the sync ring 110 simultaneously and by the
same amount. If only a single torque box 120 1s included, the
sync ring 110 experiences substantial deflection, causing the
motion transfer to the variable vanes 112 to vary.

In order to minimize the deflection, a second torque box
150 1s connected to the sync ring 110 and 1s oflset from the
first torque box 120 by approximately 180 degrees. The
second torque box 150 imparts the same motion on the sync
ring 110 as the first torque box 120, simultaneously with the
first torque box 120. By imparting the same motion on the
sync ring 110 from multiple distributed locations, the detlec-
tion 1n the sync ring 110 1s reduced.

The outputs of the first torque box 120 and the second
torque box 150 are synchronized via a drive ring 140 that
connects the torque boxes 120, 150. The output from the
actuator 130 1s transferred to the second torque box 150 via
the dnve rning 140, thus allowing a single actuator 130 to
drive both torque boxes 120, 150. In some examples, such
as the example 1llustrated in FIG. 3, each torque box 120,
150 1s connected to multiple adjacent sync rings 110, and the
vanes 112 on each sync ring 110 are controlled by the torque
boxes 120, 150. In some examples the torque boxes 120, 150
are 1dentical components. In yet further examples, the torque
boxes 120, 150 are mechanically interchangeable despite
having insignificant mechanical differences.

Each torque box 120, 150 1s connected to the drive ring
140 via a bell crank mechanism. The bell crank mechanism
transiers rotation of a torque box input to the connected
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drive ring 140 and vice versa. The drive ring 140 1s a ring
that 1s supported in the gas turbine engine 20 via multiple
support arms. The support configuration 1s described 1n
greater detail below with regards to FIG. 5.

In some examples the second torque box 150 1s a dupli-
cate of the first torque box 120 with the exception that the
second torque box 150 1s not connected to the actuator 130
or a torque tube 132. In alternate examples the second torque
box 150 can have a varied construction that does not include
connections able to be connected to a torque tube 132.

By driving the sync ring 110 from two locations (the first
torque box 120 and the second torque box 150) that are 180
degrees apart, the detflection 1n the sync ring 110 1s reduced.
By extension, vane positioning errors resulting from detlec-
tion are also significantly reduced. Furthermore, by utilizing
a single actuator 130 and a single torque tube 132, the
number of engine case 160 penetration points 1s reduced to
a single penetration point 162, further improving airtlow
through the engine case.

With continued reference to FIG. 2, and with like numer-
als indicating like elements, FIG. 3 schematically illustrates
a radially mnward view of a torque box 200 and sync rings
220 of the vane portion 100 of FIG. 2 along view A. The
illustrated torque box 200 includes an input 202 for con-
necting to a torque tube 132 (illustrated 1n FIG. 2) and
receiving a rotational input from the torque tube 132. The
input 202 rotates with rotation of the torque tube 132 and 1s
connected to a drive ring bell crank arm 204 and multiple
sync ring bell crank arms 206. When the 1input 202 1s rotated
by the connected torque tube 132, the rotation 1s transierred
through the bell crank arms 204, 206 to the connected drive
ring 210 or the connected sync rings 220.

I1 the torque box 200 1s not connected to the actuator 130,
as 1s the case with the second torque box 150 of FIG. 2,
rotation of the drive ring 210 1s transferred to the iput 202,
and through the input 202 to the sync ring bell crank arms
206. In thus way, the second torque box 150 and the first
torque box 120 apply approximately 1dentical torques to the
sync rings 220 simultaneously. The simultaneous applica-
tion of torque at least partially alleviates the detlection 1n the
sync rings 220 and better positions the variable vanes.

While the example torque box 200 of FIG. 3 utilizes a bell
crank connection scheme in a torque box to connect the
input 202 to the drive ring 210 and the sync rings 220, one
of skill in the art, having the benefit of this disclosure will
understand that alternate connection schemes can similarly
be used and still fall within the nstant disclosure. In some
examples, the torque boxes can be replaced with pump
handle devices, crankshait mechamsms, or any similar
device. Furthermore, an engine can use any combination of
the above described mechanisms. Thus, 1n it’s broadest
interpretation the term torque box 1n the above description
and the following claims refers to any mechanism {for
transferring torque from an input, such as the actuator or the
drive ring, to an output, such as the synchronization rings.

With continued reference to FIGS. 2 and 3, and with like
numerals indicating like elements, FIG. 4 1llustrates an axial
view of an alternate vane portion of the gas turbine engine.
As with the example of FIG. 2, the vane portion 300 of FIG.
4 includes a sync ring 310 supporting multiple variable
vanes 312 that are disposed circumierentially about the sync
ring 310. An actuator 330 1s disposed outside of an engine
casing 360 with a torque tube 332 protruding through a
penetration point 362 and connecting an output of the
actuator 330 to a torque box 320.

The torque box 320 i1s connected to a drive ring 340 via

a bellcrank mechanism. Unlike the example of FIG. 3,
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however, the torque box 320 does not include any connec-
tions to the sync ring 310. Instead, two additional torque
boxes 350 are disposed approximately 90 degrees oflset
from the first torque box 320, and 180 degrees oflset from
cach other. Each of the secondary torque boxes 350 are
connected to the drive ring 340 and receive an input from the
drive ring 340 as described above with regards to the
secondary torque box 150 in the example of FIG. 2. By
utilizing two secondary torque boxes 350 in this manner, the
amount of deflection on the drive ring 340 entering each of
the secondary torque boxes 350 1s approximately equalized,
and the translation of movement from the actuator 330 into
the sync rings 310 1s further aligned.

While each of the examples of FIGS. 2 and 4 utilize two
torque boxes 120, 150, 350 to drnive the sync rings 110, 310,
one of skill in the art having the benefit of this disclosure will
understand that alternate number of torque boxes 120, 150,
350 can be used to drive the sync rings 110, 310 to similar
cllect. Increasing the number of torque boxes decreases the
deflection in the drive ring 140, 340, and thus turther aligns
the orientation of the variable vanes 112, 312. However,
increasing the number of torque boxes increases the weight
and complexity of the system.

Furthermore, the benefits of additional torque boxes 120,
150, 350 provide diminishing returns. That 1s to say, the
benefit of adding a third torque box 1s smaller than the
benefit of adding a second torque box, the benefit of adding
a Tourth torque box 1s smaller than adding a third torque box,
c¢tc. One of skill in the art, having the benefit of this
disclosure, can determine an i1deal number of torque boxes
for a given engine based on the particular needs of the
engine.

With continued reference to FIGS. 1-4, and with like
numerals indicating like elements, FIG. 3 illustrates a torque
box 421 and drive ring 420 assembly 1solated from the gas
turbine engine 20 for explanatory purposes. The torque box
421 includes a rotatable mput 402 that 1s connected to a
torque tube 432. In an assembled gas turbine engine 20, the
torque tube 432 1s connected to an actuator arm via a
connection arm 433. The connection arm 433 transiers linear
motion of the actuator arm into rotational motion of the
torque tube 432.

Rotation of the torque tube 432 1s transierred to the input
402, which 1n turn transfers the rotation of multiple bell
crank arms 440, 442. A drive ring bell crank arm 440
connects the input 442 to a linkage 405. The linkage 4035 1s
connected on an opposite end to a drive ring 420. The
linkage 405 operates 1n conjunction with the drive ring bell
crank arm 440 to transier rotation of the input 402 into
rotation of the drive ring 420.

Connected to each of the sync ring bell crank arms 442,
1s a linkage 407 (only illustrated for the 1llustrated Sync ring
410) that connects the bell crank arm to the Sync ring 410.
As with the drive ring, rotation of the input 402 1s transierred
to rotation 1n the attached Sync ring 410 through the bell
crank arms 442 and the linkage 407.

The drive nng 420 1s supported 1n position within the gas
turbine engine 20, via multiple i1dler support arms 470. The
support arms 470 are conventional support arms and allow
the drive ring 420 to be rotated about an axis defined by the
gas turbine engine 20. In some examples, the drive ring 420
1s supported by eight support arms 470 spaced approxi-
mately evenly about the circumierence of the drive ring 420.
In alternate examples, the drive ring 420 1s supported by
rollers, bumpers, or other support means that are distributed
circumierentially about the drive ring 420.
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In either support archetype, the drive ring 420 1s struc-
turally supported by the gas turbine engine case 1n a manner
that allows for the drive ring 420 to rotate about the axis of
the gas turbine engine. As described above, additional torque
boxes 410 are connected to the drive ring in the illustrated
manner, with only a single torque box being connected to an
actuator via a torque tube 432. Each of the secondary torque
boxes includes an mput 402 connected to the drive ring 420
and the mput 402 1s driven by the drive ring 420.

It 1s further understood that any of the above described
concepts can be used alone or in combination with any or all
ol the other above described concepts. Although an embodi-
ment of this invention has been disclosed, a worker of
ordinary skill 1n this art would recognize that certain modi-
fications would come within the scope of this invention. For
that reason, the following claims should be studied to
determine the true scope and content of this mvention.

The mvention claimed 1s:

1. A gas turbine engine comprising:

a compressor section;

a combustor fluidly coupled to the compressor section via

a primary tlowpath;

a turbine section fluidly coupled to the combustor section

via the primary flowpath;

a variable vane assembly comprising;

at least one synchronization ring disposed about said
primary tlowpath in one of said compressor section
and said turbine section;

a plurality of variable vanes mounted to said at least
one synchronization ring;

a drnive ring disposed about said primary flowpath 1n
one of said compressor section and said turbine
section;

a {irst torque box coupled to said at least one synchro-
nization ring and coupled to said drive ring, such that
rotation of a torque box mput causes rotation of the
at least one synchronization ring and the drive ring;

a single second torque box oflset from the first torque
box about said drive ring by 180 degrees, the single
second torque box being coupled to said at least one
synchronization ring and coupled to said drive ring,
such that rotation of the drive ring causes rotation of
an iput of the single second torque box and rotation
of the mput of the single second torque box causes
rotation of the synchronization ring; and

an actuator including an output, wherein the output is
coupled to the mput of the first torque box such that
the actuator drives the mput of the first torque box.

2. The gas turbine engine of claim 1, wherein the actuator
output 1s coupled to the mput of the first torque box via a
torque tube.

3. The gas turbine engine of claim 1, wherein the mput of
cach of said first torque box and said single second torque
box 1s coupled to the at least one synchronization ring via a
bell crank.

4. The gas turbine engine of claim 1, wherein the variable
vane assembly 1s characterized by a single actuator.

5. The gas turbine engine of claim 1, wherein the drive
ring 1s supported about the primary flowpath via a plurality
ol support arms.

6. The gas turbine engine of claim 3, wherein the plurality
of support arms comprises eight support arms, and wherein
the eight support arms are distributed approximately cir-
cumierentially evenly about the drive ring.

7. The gas turbine engine of claim 1, wherein the first
torque box and the single second torque box are interchange-
able components.
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8. A variable vane assembly comprising;:

at least one synchronization ring;

a plurality of variable vanes coupled to said synchroni-
zation ring;

a plurality of torque boxes disposed circumierentially 5
about the synchronization ring, the plurality of torque
boxes including a first torque box coupled to the at least
one synchronization ring and a single second torque
box;

a drive ring coupled to each of said torque boxes such that 10
said drive ring causes an approximately 1dentical torque
to be applied to the synchronization ring from the
torque boxes simultaneously;

the single second torque box being offset from the first
torque box by 180 degrees about the drive ring; and 15

an actuator coupled to one of said plurality of torque
boxes and operable to drive the drive ring through the
torque box.

9. The vaniable vane assembly of claim 8, further com-

prising a plurality of idler support arms coupled to and 20
disposed about the drive ring.

G x e Gx o
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